In a previous report (15), a method for the rapid assay of the hydrolytic activity of cell-free filtrates was reported, employing carboxymethyl cellulose Na salt (CMC) as the substrate. The assumption was made that the enzyme, Cx, hydrolyzing the 1,4-/3-glucosidic linkage in CMC is identical with that attacking the same linkage in cellulose, and that this enzyme is probably only one of those found in the cellulase complex. It was noted that a decrease in viscosity accompanied the production of reducing sugars. The present study was undertaken in an attempt to find out the relationship between viscosity changes and the formation of reducing sugars by filtrates.
Methods
The cell-free enzyme solutions were prepared by filtering cultures of each organism through sintered glass. Merthiolate (to give 0.01 per cent) was added to all solutions as a preservative. The concentration of filtrates varied with the test being made. In general, one part of filtrate plus nine of substrate was used when measuring reducing 601 dtsp d~F sugars, and one part per hundred when measuring viscosity changes. The reducing sugar tests were conducted at 50°C.,--the viscosity tests at 35°C. The low concentration and low temperature used in the viscosity measurements were selected in order to reduce the rate of fluidity change to a convenient level for observation. Citric acid--NaOH buffer (~/20) was used throughout. For part of the work it was thought desirable to use two different CMC preparations. In the reducing sugar test, CMC 50T was used because larger amounts of reducing sugars are produced from it than from CMC preparations of higher degreeof substitution. In the viscosimetric method, CMC 70M was used because it combined two desirable qualities. It formed a clear uniform solution of suitable viscosity and an appreciable and measurable amount of reducing sugar was formed. In the later experiments, a 1 per cent solution of CMC 70M was used for both measurements. Reducing sugars were determined as glucose by the dinitrosalicylic acid (DNS) method of Sumner (17) . The viscosity was determined by a Hoeppler viscosimeter at a temperature of 35 ° ~: 0.5°C. The fall-times of the ball ranged from 30 to 250 seconds. The viscosity, 7, in centipoises was corrected for the specific gravity of the solution in the usual manner. Specific viscosity, ~,~, or that part of the viscosity due to the substances in solution, is defined, The course of the hydrolysis has been plotted as the specific fluidity(1 ). x vs. time of incubation (in minutes) since during the first few hours of hydrolysis, this relation-1 ship is a straight line function. In our results, the value of -~ (i.e. rate of change of fluidity) is used as a measure of the enzymatic activity. Such values are comparable only when the initial specific viscosities are the same. Fortunately, this has been true in most of the experiments performed. When different batches or different concentrations of CMC are used, a correction must be employed. Ingelman and Malmgren (7), studying polymetaphosphatase, believe that a correction can be made by multiplying the rate by the specific viscosity at zero time. Hultin (6), studying hyaluronidase, employs a factor which takes into account only the substratum concentration (Table I) . At any rate, a clearer picture is necessary of the correction factor to be applied to the rate of change of fluidity. In the work that follows, the procedure is standardized in such a way that the initial spc.cific viscosity remains the same. Where this has been impossible, the data have been subjected to interpretation based on rate, with and without the correction factors discussed above.
ILTRATE CONCENTRATION,AS % OF REACTION
The intrinsic viscosity is proportional to the average degree of polymerization (DP) of a substance within certain limits of molecular size. The application of viscosity data to a determination of molecular weight is complicated by many factors, and is best left to those familiar with the problem. But the proportionality between DP and [~] is useful in estimating relative changes in DP during the course of hydrolysis. Intrinsic viscosity was determined in 4 per cent NaOH solution. Samples were removed from the incubating enzymc-substrate mixture at various times and the action halted by the addition of alkali.
RESULTS

I. Effect of Various Factors on Enzyme Activity A. Effect of Enzyme
Concentration.--The effect of enzyme concentration on rate of hydrolysis of CMC was followed for filtrates of three organisms. From the effect of enzyme concentration on the production of reducing sugars ( Fig. 1) , it is noted that with the Myrothecium verrucaria and Actinomyces sp. filtrates, the increase in production of reducing sugars is a direct function of the enzyme concentration for the lower portion of the range of concentrations. The Aspergillus fumigatus filtrate has a distinctly different type of curve, characterized by a rather sharp initial rise in reducing sugars, followed by a levelling off at relatively low filtrate concentrations and resulting in a crossing of the other two curves. Subsequent experiments have shown that this reversal in relative activity of the filtrates is an artifact. When the time of incubation (assay) was reduced from 1 hour to 30 minutes, the Aspergillus fumigatus filtrate retained its position as the most acti,Ce for a// concentrations of filtrates. The explanation lies in the observation that filtrates of this organism acting on CMC give curves which flatten out as the reducing sugar values approach 0.4, a value which is far below the limiting values for other filtrates. A true comparison of activity can be made only at reducing sugar levels appreciably lower than that value.
Although this early levelling off is not as marked in the fluidity change curve ( Fig. 1) , as in the reducing sugar curves, it is apparent, Myrotkecium verrucaria filtrates exhibit a constant rise in the rate of change in fluidity as the enzyme concentration increases, over the whole range of enzyme concentrations used; Actinomyces sp. exhibits this constancy over the lower 60 per cent of the range; while AspergiUus fumigatuz filtrate shows its characteristic sharp rise in the lower 20 per cent of the range and a tendency to level off in the rest of the range. In general, the rate is a linear function of the filtrate concentration for values between 0 and 140 X 10 -~. At higher filtrate concentrations, the curve deviates from the straight line.
B. Effect of pH.--In the determination of the effect of pH on enzyme activity, filtrates of Aspergillus fumlgatus and Actinomyces sp. were tested in a series of CMC mixtures containing citric acid--NaOH buffer. The pH change during the course of the hydrolysis was negligible, as was also the change in initial viscosity, due to different hydrogen ion concentrations (3) .
A comparison (Fig. 2 ) reveals a striking similarity in the two sets of results. The two filtrates reported here were selected to represent organisms having widely different pH optima for this hydrolysis. Several other fungi which have been studied show optima between 4.5 and 6.0. In some cases, the curves show a sharp peak, in others, a rather broad zone of high activity. The pH optimum for enzymatic hydrolysis thus appears to be related to the organism from which the filtrate is derived.
C. Effect of Temperature.--In general, the activity of the filtrates, measured by both fluidity and reducing sugar methods, increases as the temperature increases (Fig. 3) . In both series of experiments, two of the filtrates, those of Actinomyces sp. and Aspergilkus fumigatus, showed maximum activity above 60°C. while the third, that of Myrothecium verrucaria, showed maximum activity at 53°C.
The falling off in activity of the Myrothedum verrucaria filtrates in the presence of substratum may be due to the inactivation of the filtrate at the higher temperature. In any case, the curves for fluidity and for reducing sugars are similar to each other with respect to the rather sharp temperature optimum for Myrothecium verrucaria and with respect to the absence of an optimum below 62°C. for the other organisms tested. While the rate of change of fluidity increases as the temperature increases, a constant Q10 is' not observed over the range covered. The highest value observed is that for Myrothecium verrucaria (3.7) , a value which is about double that found for the other two organisms (1.7, 1.8) for the same range (35-45°C.). The Q10 falls as the temperature increases. This appears to indicate temperature inactivation either directly on the enzymes involved, or on other principles not determined (e.g. chemical inhibitors or activators). Q10 has little meaning in the reducing sugar measurements since an accurate comparison of rates has not been made. (Fig. 4) .
D. Effect of Substratum Concentratlon.--As
The uncorrected rate of change of specific fluidity increases approximately fivefold as the concentration of the substratum decreases fourfold. However, if either Ingelman's or Hultin's factor is applied (Table I) , a narrowing of the range of variation to 2 to 3 times results, together with a direct correlation between rate of change of fluidity and substrate concentration. The present data are insufficient to permit us to determine whether the corrections or the experimental techniques are inadequate. (15) it was shown that the degree of substitution (DS) had a decided effect on the ease of enzymatic hydrolysis of CMC as measured by the production of reducing compounds. It is apparent that the same trend is shown by the fluidity data ( Fig. 5 ). In both cases the CMC is more readily attacked when it is not highly substituted. The data indicate that a degree of substitution involving one substituent per anhydroglucose unit is sufficient to render the CMC refractory to enzymatic hydrolysis. At DS 1.2, a slight change in the viscosity does take place whereas no reducing groups are measurable. It is believed that this is not significant, being merely a limitation of the end-group measurement used.
E. Effect of Degree of Substitution.--In previous work
H. Effect of Various Factors on Enzyme Stability
A. Effect of p//.--Several filtrates were subjected to inactivation by incubation at the desired hydrogen ion concentrations for 24 hours at 50°C. The mixtures contained 9 mh of filtrate and 1 ml. of ~r/2 citrate buffer.
The similarity in the two sets of data is striking, leading once more to the appearance of the identity of the enzymes involved in reducing sugar production with those involved in fluidity changes. For instance (Fig. 6 ), the pH of maximum retention of activity of the Myrothecium verrucaria filtrate was about 5.2 by the reducing sugar method and the same by the fluidity method. The curves for the Aspergillus fumigatus and for the Actinomyces sp. filtrates show a broad pH range in which there is little loss of activity as measured by both the sugar and viscosity methods. The Myrothecium filtrate has a rather narrow range in which the maximum activity is retained, the activity falling off rapidly at hydrogen ion concentrations above and below the pH of minimum inactivation.
The pH inactivation curves indicate that the results pointed out in the section on pH relating to activity of the enzyme (Fig. 2 ) cannot be accounted for by inactivation of the enzyme, but are rather actual effects of the pH on the activity of the filtrates. Thus, the activity of the Actinomyces filtrate is almost nil at pH 4.0 with a short period of incubation, while the same filtrate retains approximately 80 per cent of its activity when kept at that pH level for 24 hours. Similarly, the Aspergillus filtrate has practically no activity Fro. 4. Effect of substrate concentration on slope of fluidity curve during enzymatic hydrolysis.
Filtrate: Aspergillusfumigatus QM 45h, grown on cotton duck 26 days. 1:1000 in reaction mixture.
Conditions:
Buffer: Citric acid-NaOH at pH 5.0, ~r/20. Substratum: CMC 70M.
against CMC at pH 8.0, while the same filtrate loses only about 10 per cent of its activity when maintained for 24 hours at that pH level. But the conditions in the two tests (activity, inactivation) are not identical. In the activity tests, the substratum is present during the test, while in the inactivation experiment the substratum is absent. The rate of inactivation of the enzyme in the presence of substratum may therefore be somewhat different from the results' being reported.
B. Effect of Temperature.--Further comparison between results obtained by
the two assay methods was made (Table II) . Filtrates having Cx enzyme activity were adjusted to pH 5.2 with citrate buffer and incubated in a water bath at 70°C. Samples removed at 30 and 120 minutes were immediately cooled and assayed for activity. In the reducing sugar method, an enzyme dilution curve was made from the original filtrate and the residual potency of (Fig. 1) . Seven filtrates were subjected to the heat treatment. The results obtained by the two methods are in fairly good agreement. In four cases, the amounts of inactivation obtained by the two methods are nearly identical. For the other three filtrates, the results obtained by measuring fluidity change are in line with the data obtained for the other filtrates.
As indicated in the preceding section, the presence or absence of the substratum may be an important factor in enzyme inactivation. A similar situation appears in comparing the heat inactivation results with the temperatureactivity data. It will be recalled (Fig. 3) that the filtrate of Myrothecium verrucaria was less active at 60°C. than at 50°C., but that of Actinomyces sp.
was more active at the higher temperature. Examination of the results of inactivation at 70°C. (Table II) myces sp. filtrate being the much more rapidly inactivated. The data appear to support the view that inactivation proceeds more rapidly in the presence of substratum but do not nullify the conclusions previously drawn (in the section on activity) because of the short time periods employed in that study. 
IIL Activity of Filtrates of Various Origins Compared by Reducing Sugar and Viscosimetric Methods
If the two methods of assay employed measure the same reaction (i.e. one enzyme), then comparisons of various filtrates should show the same relative orders of activity. When a large miscellaneous group of filtrates was compared, the agreement between methods was very rough. A comparison of filtrates within an experiment should show better agreement. In Table III -1, the results are from filtrates of organisms grown on glycerol. Under these conditions, the Cx activity is very low and the fluidity figures are based on a 1 : 10 dilution of the enzyme. It will be observed that both assay methods are in agreement Conditions:
Inaaiva~iom 1 ml.~s/2 citric add-NaOH buffer added to 9 ml. cell-free filtrate. Incubated 24 hours; 50°C. materials and at different temperatures. Again the relationship was good (Table  III-2) . Those filtrates most active in changing the fluidity were also most active in producing reducing sugars. Indeed the relationships are almost quantitative. Thus, when grown on solka-floc (a purified wood cellulose) at 30°C., the organ-I on Cx stability.
Fluidity test: CMC 70M 1 per cent; citric acid-NaOH at pH 5.0, m/20 in reaction mixture. Incubated filtrate diluted to 1:10 concentration and 10 ml. used per 100 ml. of reaction mixture. Temperature 35°C. Reducing sugar test: CMC 50T 0.5 per cent; citric acid-NaOH at pH 5.0, aM/20 in reaction mixture. 5 ml. incubated filtrate brought to pH 5.0 with 1 ml. am/2 citrate buffer. Diluted with 5 ml. H 2 0. 1 ml. of readjusted diluted filtrate used with 9 ml. CMC-citrate mixture. Temperature 50 0 C.
ism produces a filtrate having only 20 per cent of the reducing sugar activity of the filtrate from duck at 40°C., and 22 per cent of the liquefying ability.
In the third test, many different organisms were grown under identical conditions and the filtrates compared by both assay methods. The agreement be-tween methods is much poorer here. It can be said only that the top third of the list contains one set of organisms, the middle third a second, and the bottom third the rest. That is, there is a rough sort of agreement but one is forced to the conclusion that enzyme Cx may vary with the organism producing it (Table  111-3) .
IV. Changes in Degree of Polymerization and in Reducing Sugar on Emymatic Hydrolysis of CMC
As was indicated previously, the proportionality between [7] and DP is a valuable tool. In the experiments reported here, no attempt was made to determine actual molecular weights. Instead, a comparison was made between the DP and the production of reducing sugar at various stages during the course of hydrolysis of a CMC solution. The filtrates used were those from Myrothecium verrucaria, Actinomyces sp., and Aspergillus fumigatus. In each of these experiments, reducing sugar measurements and viscosity measurements were made on the same batch of reaction mixture.
Intrinsic viscosity determinations were made at intervals from 0 minutes' incubation to 24 or 48 hours' incubation, with the intervals more frequent in the initial phases of hydrolysis. The nature of the curves obtained is illustrated in Fig. 7 , in which the filtrate of Myrothecium verrucaria was used. The intrinsic viscosities after each period of incubation are indicated along the ordinate.
In order to determine the length of time necessary to reduce the average DP (or [7] ) to half, quarter, eighth, etc. of its original value, [7] was plotted against the logarithm of the incubation time in minutes (Fig. 8) . The initial phases of the hydrolysis proceed at a rate which appears to be a function of the logarithm of the incubation time.
The value for the final [7/] approaches the same end-point, regardless of the source of the filtrate, pointing to the similarity of the active constituents of the various filtrates. Thus after 24 hours, the Myrothecium verrucaria filtrate brings the [~/] down to 6 per cent of the initial value and the Asperigillusfumigatus illtrate brings the [~/] to 7 per cent of the original in 22 hours. The average DP of the CMC at this time may be estimated very roughly as one-sixteenth that of the starting material.
Parallel to the fluidity measurements, reducing sugar determinations were made on 1 ml. aliquots of the same reaction mixture. The results indicate that the filtrates of d'+~eient organisms behave similarly although specific differences are found. Of particular interest is the relationship between [~/] and amount of reducing sugar at various times during the hydrolysis. These have been plotted (Fig. 9) Conditions: CMC 70M 1 per cent; citric acid-NaOH buffer at pH 5.0, M/20; filtrate 1 : 10 (except K 2, 1:20) in final mixture.
obtained were less than 0.01 mg./ml./hr., in our opinion negligible amounts. A filtrate of an old culture (47 days) of AspergiJius l~huensis was found to contain an appreciable amount of fl-glucosidase activity (0.24 mg./ml./hr, of glucose). Since this filtrate also had relatively low Cx activity (compared to those previously used), it was thought that results obtained with it might further elucidate the picture. The resulting curve (reducing sugar vs. [7] ) almost completely coincided with that of Myrothecium vermcaria (Fig. 9) , even though the rates of the reaction were greatly different. The hydrolysis of CMC thus appears to be a function of Cx, and to be unaffected by the presence of ~-glucosi- dase. Since all filtrates follow the same pattern but are not identical, it is believed that Cx represents a group of related enzymes attacking the 1,4-/~-gluco-sidic linkage as found in cellulose, but differing slightly from each other in certain specific aspects of their actions.
DISCUSSION
The enzymatic hydrolysis of soluble cellulose derivatives can be followed by observing the change in fluidity of the substratum. It is only necessary to slow down the process to the point where measurements can be made to cover the early action. This has been done by dilution of filtrate, use of a suboptimal temperature (35°C.), and selection of a CMC preparation of desirable viscosity (CMC 70M at 1.0 per cent) and uniformity. Under these conditions quantitative measurements have shown that the specific fluidity increases at a constant rate during the early part of the reaction (Fig. 4) ; i. e.: until a particular level in the degrading process is approached. As a result, the length of time during which the rate is constant is an inverse function of the magnitude of the rate. In actual practice, it has been found desirable to select a rate measurable within the 1st hour of hydrolysis. With the initial fluidity kept constant, comparison of rates is a measure of relative activity. Thus, relative activities for several filtrates have been obtained under different conditions of pH, temperature, and enzyme concentration. Numerical values might be obtained by assigning an arbitrary unit figure to the enzyme filtrate giving a rate value of say 100 × 10 -4. The actual establishment of a unit has not yet been made.
The fluidity method has several advantages over the reducing sugar method, the most important of these being the possibility of following the rate of change in DP of the CMC molecule by following changes in intrinsic viscosity. With the fluidity method, early changes in DP are observable, while with the reducing sugar method, only the final products are determined. Since lower concentrations of the filtrates are used in the fluidity tests, a lower concentration of interfering impurities is introduced.
On the other hand, with the reducing sugar method, it is possible to examine approximately four times as many filtrates in the course of a day as with the fluidity method. However, we are primarily concerned not with the superiority of one method over the other, but rather with the ability of the fluidity method to supplement the reducing sugar method in giving an insight into the mechanism of cellulose degradation.
Does the fluidity method measure the same reaction that is followed by the reducing sugar measurement? Carboxymethyl cellulose is something of an unknown material. In its preparation, linter cellulose is oxidized under alkaline conditions, following which it is treated with monochloracetic acid. It is known that the degree of polymerization (DP) during the process is considerably reduced, the product having a final DP of about 150. The degree of substitution can also be determined, and is known for the samples used (i.e. CMC 70M, DS 0.89; CMC 50T, DS 0.52). It may safely be stated that such forces as are ex-erted in holding chains together in "crystalline" cellulose are absent in CMC solutions. The existence of other types of cross-linkages between cellulose chains has been postulated. There is, for example, the hemiacetal linkage proposed by Pacsu (13) . However, such a linkage is more easily split than the 1,4-/~-glucosidic linkage connecting the anhydroglucose units. Since even the latter are broken down during the manufacture of CMC, it seems unlikely that the hemiacetal linkage persists. It should further be pointed out that cross-linkages are generally introduced to account for very large molecules and not for those of DP less than 250 as found in CMC. The interpretation of our data rests on the assumption that CMC in solution is a straight chain molecule, and that the only linkage acted upon is the 1,4-~-glucosidic linkage.
Examination of the data presented in this paper indicates great similarity in the results obtained by the two methods (fluidity, reducing sugars). The effects of pH on activity (Fig. 2 ) and on inactivation (Fig. 6) ; the effects of temperature on activity (Fig. 3 ) and on inactivation (Table II) On the other hand, differences have been found between the enzyme Cx produced by different organisms. Thus, variations in pH and temperature optima (Figs. 2, 3) , in heat stability (Table II) and in other respects have been pointed out. (These variations, it is emphasized, are between organisms and not between methods of assay.) Such differences between enzymes from different sources have been previously reported. Proofs that the enzyme itself varies--and that the results are not due to inhibitors, etc. in the media--are less abundant. Studies on a-amylase, however, offer convincing evidence that variation in the enzyme does exist. Hanes and Cattle (5) combined measurements of reducing sugar with measurements of the iodine-starch color complex during hydrolysis. A plot of their results produced different curves for enzymes from different sources. Similarly, Miwa el al. (12) have compared the/$-glucosidases of various organisms with respect to their abilities to hydrolyze several different fl-glucosides. These results, too, demonstrate variation in enzyme from different organisms. Our own data (Fig. 9 ) are similar to those of Hanes and Cattle. When [7] (in place of the starch-iodine complex) is plotted against reducing sugars, different curves result for preparations derived from different organisms. In combination with other data presented above, it appears reasonable to conclude that Cx, like a-amylase and ~-glucosidase, represents a family of enzymes similar in that they act on a common linkage but differing in certain specific properties.
While we have been impressed with the essential similarities of the results obtained by the two methods of measurement, we have not been unaware of differences. As shown above, we attribute such differences to variation in an enzyme found within a class (Cx). It should be emphasized however, that the differences may be interpreted on an hypothesis of two enzymesmne effecting a rapid change in viscosity, the second forming reducing sugars.
The question arises as to the place of the enzyme Cx in cdhdose hydrolysis. It should be clearly understood (a) that Cx is naturally occurring, i.e. it is found in filtrates from cultures of organisms growing on cellulose and (b) that these filtrates have the ability to hydrolyze cellulose, alkali cellulose, and cellulose dextrins as well as the cellulose derivatives used in this study. We are not, then, dealing with enzymes adapted to a particular, and unnatural substratum.
The currently accepted explanation of cellulose hydrolysis is the early view that
Proof of the validity of the reaction rests on the establishment of cellobiose as an intermediate. Early workers did present evidence that seemed to indicate that cellobiose was one of the products of hydrolysis of cellulose. Pringsheim (14, cited by Waksman), succeeded in demonstrating both cellobiose and glu~ cose in the hydrolysis products of thermophilic bacteria acting on cellulose. Cell-free filtrates of the organisms were not used, however, and the possibility of intracellular enzymes being released on lysis of the cells exists. In fact, in the experiments cited by Waksman, bacterial action was brought to a halt by addition of an antiseptic at 65°C. which may have enhanced lysis of the organisms. On the other hand, Kalnins (9, cited by Norman and Fuller) checked the fermentation of cellulose by mesophilic organisms at 37°C. and could not detect cellobiose. In no case have we been able to discover substantial proof that cellfree filtrates of aerobic mesophilic organisms degrade cellulose to glucose mainly through a cellobiose intermediate. A deviation from the above picture appears in the work of Grassmann et al. (4) . Two enzymes were separated from a dialyzed enzyme solution. The first, "cellulase," was capable of hydrolyzing cellulose in chains having as few as six anhydroglucose units. The second, cellobiase (~-glucosidase) hydrolyzed chains of two to six units in length and/~-methylglucoside, but had very little action on the larger molecules. The intermediate, cellobiose, was thus replaced by a mixture of soluble fragments of the cellulose chains. 
I I
Cellulolyfic organisms
Non-cellulolytic organisms in which it was shown that many non-cellulolytic organisms can hydrolyze soluble cellulose derivatives. A ceUulolytic organism in the presence of cellulose produces an enzyme, C1, which alters the native cellulose in some unknown manner, making it available to the hydrolytic enzyme Cx. It may be that the preliminary action is of such a nature that individual chains are separated sufficiently for Cx to be able to act upon them. Since Cx is capable of hydrolyzing long chains, it is likely that the separate chains are long and so insoluble, but Cx appears also to be able to hydrolyze those fragments that are soluble (i.e. where n is less than ten). The enzyme Cx splits the chain at random, forming progressively smaller fragments. The size of the particle capable of entering the microbial cell is unknown, but glucose and cellobiose, and probably also larger soluble molecules, pass in. There is thus no necessity for an extracellular cellobiase, and indeed we have found none (unreported).
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SUMMARY
Observation of changes in fluidity is presented as a method for following the enzymatic hydrolysis of soluble cellulose derivatives. The activity of different ceU-free enzyme preparations may be compared by this method, providing certain precautions are observed.
In general, results obtained by use of the fluidity method are similar to those obtained using the reducing sugar technique, indicating that the same enzyme system is measured by the two methods.
Changes in the DP of the substratum may be followed within certain limits of molecular size. Results indicate that a random splitting of CMC occurs during enzymatic hydrolysis, with a concomitant decrease in intrinsic viscosity and an increase in reducing sugars.
Certain inadequacies of the cellulose-cellobiose-glucose theory, together with more recent findings, have led to the postulation of an alternate explanation of the mechanism of cellulose hydrolysis.
